Nonalcoholic fatty liver disease is a burgeoning problem. We have previously shown that Hispanics were at greater risk for nonalcoholic fatty liver disease than were African-Americans despite a similar prevalence of risk factors between these groups. We have performed the largest, population-based study to date (n ‫؍‬ 2170) utilizing proton magnetic resonance (MR) spectroscopy, dual-energy x-ray absorptiometry, and multislice abdominal MR imaging to determine the contribution of body fat distribution to the differing prevalence of hepatic steatosis in the three major U.S. ethnic groups (African-American, Hispanic, Caucasian). Despite controlling for age and total adiposity, African-Americans had less intraperitoneal (IP) fat and more lower extremity fat than their Hispanic and Caucasian counterparts. The differences in hepatic triglyceride content (HTGC) between these groups remained after controlling for total, abdominal subcutaneous, and lower extremity adiposity; however, controlling for IP fat nearly abolished the differences in HTGC, indicating a close association between IP and liver fat regardless of ethnicity. Despite the lower levels of IP and liver fat in African-Americans, their prevalence of insulin resistance was similar to Hispanics, who had the highest levels of IP and liver fat. Furthermore, insulin levels and homeostasis model assessment values were highest and serum triglyceride levels were lowest among African-Americans after controlling for IP fat. Conclusion: IP fat is linked to HTGC, irrespective of ethnicity. The differing prevalence of hepatic steatosis between these groups was associated with similar differences in visceral adiposity. The metabolic response to obesity and insulin resistance differs in African-Americans when compared to either Hispanics or Caucasians: African-Americans appear to be more resistant to both the accretion of triglyceride in the abdominal visceral compartment (adipose tissue and liver) and hypertriglyceridemia associated with insulin resistance. ( with 20% of all office visits for newly diagnosed chronic liver disease being related to NAFLD. 3 These data indicate the increasing importance of this disease with regard to morbidity and healthcare expenditures in the United States. Previously, our group 2,5 and others 4 reported a significant difference in the prevalence of NAFLD between ethnicities. 4,5 Using proton magnetic resonance spectroscopy ( 1 H-MRS), we measured hepatic triglyceride content (HTGC) in a large, multiethnic, populationbased study, the Dallas Heart Study (DHS). 2 We found that Hispanics had the highest prevalence of hepatic steatosis followed by Caucasians and then African-Americans and that these differences were not attributable to differences in body mass index (BMI), insulin sensitivity, or ethanol ingestion. 2 
N onalcoholic fatty liver disease (NAFLD) is a spectrum of disorders defined by abnormal accumulation of triglyceride in liver. 1 It is estimated that Ϸ71 million individuals in the United States over the age of 18 have hepatic steatosis (Census 2000), 2 with 20% of all office visits for newly diagnosed chronic liver disease being related to NAFLD. 3 These data indicate the increasing importance of this disease with regard to morbidity and healthcare expenditures in the United States. Previously, our group 2, 5 and others 4 reported a significant difference in the prevalence of NAFLD between ethnicities. 4, 5 Using proton magnetic resonance spectroscopy ( 1 H-MRS), we measured hepatic triglyceride content (HTGC) in a large, multiethnic, populationbased study, the Dallas Heart Study (DHS). 2 We found that Hispanics had the highest prevalence of hepatic steatosis followed by Caucasians and then African-Americans and that these differences were not attributable to differences in body mass index (BMI), insulin sensitivity, or ethanol ingestion. 2 These findings have been replicated and expanded in other studies, suggesting that AfricanAmericans tend not to develop progressive disease (steatohepatitis) even when NAFLD is present. 3, 6, 7 Why African-Americans are less prone to develop hepatic steatosis and its sequelae is currently unknown but may be important in delineating individuals who are at risk for development and progression of NAFLD.
The pathogenesis of NAFLD is a complex process thought to be linked to insulin resistance/metabolic syndrome. 8, 9 As with hepatic steatosis, the frequency of this syndrome and its components (abdominal obesity, atherogenic dyslipidemia, increased blood pressure, and a proinflammatory state 10 ), also demonstrate significant ethnic variability. In particular, African-Americans are less likely to develop visceral adiposity and atherogenic dyslipidemia (high triglycerides, low high-density lipoprotein cholesterol) than Hispanics or Caucasians and also have the lowest age-specific prevalence of metabolic syndrome of these groups. [11] [12] [13] However, the frequency of insulin resistance among African-Americans is similar to that of Hispanics and is greater than that of Caucasians. 2 The degree to which this phenotypic variation in metabolic syndrome accounts for the variation in frequency of hepatic steatosis among these groups is currently not known.
Here, we examine the relationship between HTGC and body fat distribution in African-American, Hispanic, and Caucasian DHS participants. 14 This report represents the first population-based study (n ϭ 2170) to use a combination of 1 H-MRS, dual energy x-ray absorptiometry (DEXA), and multislice abdominal magnetic resonance imaging (MRI) to simultaneously determine HTGC and body composition/distribution in a multiethnic population (1058 African-Americans, 393 Hispanics, and 719 Caucasians). Our goal was to determine if ethnic differences in the relationship between these and additional metabolic factors contribute to the differing prevalence of hepatic steatosis in the three major U.S. ethnic groups.
Patients and Methods

Subjects
The DHS is a multiethnic, probability-based sample designed to examine ethnic differences in cardiovascular risk. 14 Sampling weights were used in the DHS such that African-Americans were oversampled (ϳ50% of DHS population) while maintaining the ability of the study population to reflect the characteristics of Dallas County, Texas. 14 The DHS participants included in this study were those who underwent 1 H-MRS (for HTGC measurement), DEXA (for body fat quantitation), and multislice abdominal MRI (for abdominal subcutaneous and visceral fat quantitation; n ϭ 2971). Each participant in the DHS completed a 60-minute structured questionnaire that provided detailed information regarding the demographics, medications, and ethanol intake of each subject. Alcohol consumption (g/day) was determined from responses to previously validated questions. 15 The study was approved by the institutional review board (University of Texas Southwestern) and all subjects provided written informed consent prior to participation.
A total of 2971 participants from the DHS completed the final clinic visit and constituted the entire DHS cohort. Of these subjects, 2349 underwent 1 H-MRS and MRI. Some DHS study participants failed to complete the MR studies for the following reasons: claustrophobia (n ϭ 191), medical contraindications (n ϭ 49), equipment failure (n ϭ 19), refusal (n ϭ 74), and scheduling conflicts (n ϭ 289). Of the 2349 1 H-MRS measures obtained, 2287 subjects had spectra of sufficient quality (i.e., without significant motion artifact) to determine HTGC. Of these subjects, 2270 also had multislice abdominal MRI of sufficient quality to determine abdominal fat mass. Finally, of the 2270 subjects with suitable MR data for analysis, 2228 also underwent body composition analysis by DEXA, constituting the final study population. Due to the weight limitations of the Gyroscan Intera table, the prevalence of obesity was lower in the study group (43%) than in the DHS sample at the final clinic visit (47%), reflected by a slightly lower mean BMI and waist circumference in the study group. All other demographic and clinical variables were similar between the two groups.
Blood Samples
All study participants underwent phlebotomy after an overnight fast. A total of 40 mL of blood was collected in tubes containing a serum separator or citrate-ethylene diamine tetraacetic acid and maintained at 4°C for Ͻ4 hours prior to processing. The tubes were centrifuged (1000g for 15 minutes at 4°C), and plasma was isolated. Serum chemistries were performed within 24 hours. Fasting serum insulin levels were measured by Linco Research Inc. (St. Charles, MO). The homeostasis model assessment for insulin resistance (HOMA IR ) was calculated from fasting values of insulin and glucose. 16 Insulin resistance was defined as the top quartile of HOMA IR in nondiabetic, normoglycemic DHS subjects. 17 
Spectroscopic and Imaging Studies
Proton-MRS. Localized 1 H-NMR spectra of the liver were acquired with subjects in the supine position using a 1.5-T Gyroscan Intera MR system (Philips Medical Systems, The Netherlands), as previously described. 18 Sagit-tal, coronal, and axial slices through the right lobe of the liver were acquired and a 27 cm 3 volume of interest was positioned, avoiding major blood vessels, intrahepatic bile ducts, and the lateral margins of the liver. After the system was tuned and shimmed, spectra were collected using a Q-body coil for radio frequency transmission. The HTGC was calculated as a ratio of methylene and combined methylene and water signals corrected for spin-spin relaxation and is expressed as weight percent (gram triglyceride per 100 g wet liver tissue) via methods previously validated in humans and animals. 19, 20 Hepatic steatosis was defined as the 95th percentile of liver triglyceride content in a group of low-risk DHS participants (Ͼ5.5%). 18 Dual Energy X-ray Absorptiometry. Fat mass (kg), fat-free mass (kg), and bone mineral mass (kg) in the total body, trunk, lower body, and upper extremities were measured using DEXA scanning, as previously described. 21 Multislice Abdominal Magnetic Resonance Imaging. The clinical magnet used to obtain 1 H-NMR spectra was also used for the multislice MRI studies. The abdominal region (diaphragm to pelvis) was scanned using contiguous axial 10-mm slices, as previously described. 22 Within each slice, the volume of fat as well as the locality of fat (subcutaneous, intraperitoneal, retroperitoneal) was measured. The calculated volume of each abdominal fat region was then converted to a weight (kg) based on the known composition and density of adipose tissue.
Statistics
Continuous demographic characteristics are presented as medians with interquartile range, and dichotomous characteristics are presented as relative frequencies. Comparisons between ethnicities and genders were done using the Kruskal-Wallis test, and subsequent pair-wise comparisons used Dunn's test. For dichotomous characteristics, Fischer's exact test was used for comparisons. Analysis of covariance (ANCOVA) was employed to compare continuous variables between ethnicities while controlling for biologically important covariates. In these analyses, log-transformations were used for variables that were skewed in order to meet assumptions. The aptness of ANCOVA was further established by nonsignificant (P Ͼ 0.05) interactions between independent variables, and the results are reported as adjusted geometric means Ϯ standard error of the mean. Subsequent multiple comparisons of means were computed using Tukey's test. In cases of significant interactions, the slopes between regression lines were compared using Tukey's test. Spearman partial correlation coefficients were used to assess the relationship between continuous variables while simultaneously controlling for covariates. Statistical significance was taken at P Ͻ 0.05. Statistical analysis was carried out using SAS version 9.1.3 software (SAS Institute Inc., Cary, NC)
Results
Study Population
A total of 490 Hispanics, 1500 African-Americans, and 923 Caucasians participated in the third and final visit of the DHS in which imaging and spectroscopic studies were performed. At this visit, 1058 African-Americans (474 men and 584 women), 393 Hispanics (169 men and 224 women), and 719 Caucasians (364 men and 355 women) underwent body composition assessment by DEXA scan, abdominal compartment fat quantitation by multislice MRI, and hepatic triglyceride determination by 1 H-MRS. The characteristics of this population are similar to those reported previously and are presented in Table 1 . 2, 18, 21 Participants from other ethnicities (n ϭ 58) were not included in the analysis.
Fasting glucose levels were higher in Hispanic men and women compared to the others. Levels of fasting insulin and insulin resistance (HOMA IR ) did not differ between Hispanics and African-Americans regardless of gender. Caucasians tended to be less insulin resistant than the other ethnic groups, though no difference in HOMA IR was apparent between African-American and Caucasian men (Table 1) . Despite levels of insulin resistance among African-Americans that were similar to Hispanics, levels of plasma and hepatic triglycerides were significantly lower in African-Americans. Likewise, insulin resistance among African-Americans was greater than (women) or equal to (men) that observed in Caucasians but was associated with equal (women) or lower (men) levels of intrahepatic triglyceride. Though African-Americans generally had the lowest values of HTGC, this was the group with the highest C-reactive protein levels. African-American men had a lower percent body fat (%BF) than Hispanic or Caucasian men; however, no ethnic differences in total adiposity were apparent between the women.
Ethnic and gender-specific differences in body fat distribution among the three major fat depots (intraperitoneal, abdominal subcutaneous, and lower extremity) were apparent (Table 1 ) and persisted after adjusting for overall adiposity and age ( Fig. 1 ). African-American men tended to have proportionally less intraperitoneal fat and more subcutaneous and lower extremity fat than either Caucasians or Hispanics. African-American women, like their male counterparts, had proportionally less intraperitoneal fat, but amounts of subcutaneous fat that were similar to Hispanics and amounts of lower extremity fat that were similar to Caucasians. Caucasian women had significantly less abdominal subcutaneous adiposity when compared to the other ethnic groups of similar gender.
The prevalence of hepatic steatosis was similar between Hispanic and Caucasian men and lowest among African-American men, as previously reported. 2 Conversely, the prevalence of hepatic steatosis among women was similar between AfricanAmericans and Caucasians and highest among Hispanics.
Irrespective of ethnicity, variations in %BF, body fat distribution, and metabolic variables were evident between the gender groups (Table 2) . Men had less %BF, subcutaneous and lower extremity fat, and lower insulin resistance (HOMA IR ) than did women. However, men had proportionally more intraperitoneal fat and higher levels of plasma and hepatic triglycerides. Figure 2A depicts HTGC as a function of %BF in men and women. As expected, HTGC increased as a function of adiposity in all groups, but this relationship varied by ethnicity. Despite adjustment for total adiposity, the differences in HTGC observed between the ethnicities remained (Hispanic Ͼ Caucasian Ͼ African-American). Differences in the relationship between HTGC and total adiposity were most striking among African-American men and women, where liver triglyceride accumulated to a lesser degree with increasing adiposity as compared to Caucasians or Hispanics. Conversely, Hispanics either had higher liver triglyceride levels for any level of %BF (men) or accumulated more HTGC with increasing adiposity (women) than Caucasians. Figure 3A provides the same analysis, but for men and women. Besides the higher levels of HTGC compared to women (Table 2) , the slope of the relationship between HTGC and %BF was greater in men, indicating an enhanced accumulation of hepatic triglycerides with increasing adiposity.
Hepatic Triglyceride Content and Total Adiposity
Hepatic Triglyceride Content and Regional Adiposity
The above data indicated that ethnic and gender differences in HTGC were not driven by differences in total adiposity. We, therefore, sought to determine if the differences noted in fat distribution (Table 1 and Fig. 1 ) contributed to the observed differences in HTGC between these groups. As can be seen by the correlation Values are median with interquartile range unless otherwise specified. Obesity was defined either by a BMI Ն 30 kg/m 2 or a percent body fat Ͼ 25% for men and Ͼ30% for women.
Abbreviations: BMI, body mass index; CRP, C-reactive protein; HOMA IR , homeostasis model assessment; HTGC, hepatic triglyceride content; %BF, total percent body fat.
Conversions: glucose (mg/dL) ϫ 0.05551 ϭ mmol/L; triglyceride (mg/dL) ϫ 0.02586 ϭ mmol/L. *Indicates values that are significantly different from the others for that gender group (P Ͻ 0.05). †Indicates that the value is significantly different from Caucasians within the gender group (P Ͻ 0.05). ‡Indicates prevalence values (%).
values presented in Table 3 , intraperitoneal and lower extremity adiposity were most strongly correlated with HTGC after adjustment for total adiposity in all groups, though in opposing directions. Figure 2B depicts the plot of HTGC versus percent intraperitoneal fat (%IP) for men and women. Adjustment for %IP almost completely abolished the differences in HTGC between the groups, though Caucasian women maintained slightly lower values than the other female groups over the entire range of %IP. Adjusting HTGC for both abdominal subcutaneous and lower extremity fat failed to eliminate the observed difference in HTGC between the ethnicities (data not shown). Despite the near abolition of ethnic differences in HTGC within the two gender groups after controlling for %IP fat, differences between the genders were apparent after a similar analysis (Fig. 3B) . In contrast to the relationship seen between HTGC and %BF (Fig. 3A) , women tended to have more HTGC at equal levels of %IP compared to men. Furthermore, women had a greater slope than men, indicating that they accumulate hepatic triglycerides to a greater degree than men with increasing visceral adiposity. These data suggest that intraperitoneal adiposity is related to HTGC to a greater degree than total adiposity or the amount of fat in the other depots, regardless of ethnicity. In addition, the relationship between total adiposity, intraperitoneal adiposity, and liver triglycerides is gender-dependent.
Insulin Resistance and Intraperitoneal Adiposity
Given that African-Americans had a lower likelihood of accumulating fat in the intraperitoneal compartment or in liver and yet had a high prevalence of insulin resistance, we examined how differences in %IP and HTGC were related to insulin sensitivity in these groups. Adjustment of HOMA IR for %IP revealed that African-Americans were more insulin resistant for any level of visceral adiposity than the other ethnic groups (Fig. 4A) , even Hispanics, who had identical levels of HTGC after adjusting for %IP (Fig. 2B) . Adjustment of HOMA IR for HTGC yielded similar results (data not shown). For any given level of intraperitoneal adiposity and/or HTGC, African-Americans, regardless of gender, were more insulin resistant than the other ethnic groups in this study.
Hypertriglyceridemia and Hepatic Triglyceride Content
We next examined and compared another phenotype associated with insulin resistance in the three ethnic groups: hypertriglyceridemia. Insulin resistance is associated with hypetriglyceridemia due to increased delivery of free fatty acids from the periphery to liver and to an increase in hepatic triglyceride synthesis. 23 AfricanAmericans had both lower HTGC and lower mean plasma levels of triglycerides (TG) than either Hispanics or Caucasians (Table 1) . After adjusting for HTGC, African-Americans continued to demonstrate significantly Fig. 2 . Relationship between hepatic triglyceride content (HTGC) and total/regional adiposity. HTGC was log-transformed to meet assumptions of ANCOVA analysis. As expected, HTGC increased as a function of total and regional adiposity in all groups, but this relationship varied by ethnicity. (A) The plot of HTGC versus percent body fat (%BF) in men and women. In Hispanic and Caucasian men, the difference in slopes of this relationship was not significant (P ϭ 0.539); however, the slope of this relationship trended toward lower values in African-American men compared to the other ethnicities (versus Hispanic, P ϭ 0.067; versus Caucasian, P ϭ 0.054). Hispanics had the highest mean value of HTGC followed by Caucasian then African-American men after adjustment for %BF (P Ͻ 0.033). Among the women, all ethnicities demonstrated different slopes for this relationship (P Ͻ 0.025). The greatest slope was observed in Hispanic women followed by Caucasian then African-American women. (B) The plot of HTGC versus percent intraperitoneal fat (%IP) (intraperitoneal fat mass / total body mass) in men and women. All regression lines had equal slopes, and the ethnic-specific adjusted mean values of HTGC were similar among the men (Hispanics 4.2 Ϯ 1.0 versus Caucasians 3.8 Ϯ 1.0 versus African-Americans 3.5 Ϯ 1.0%, P Ͼ 0.05 for all comparisons). Among the women, all regression lines had equal slopes. The adjusted mean value of HTGC was similar between Hispanic and African-American women once adjusted for %IP (3.9 Ϯ 1.1 versus 3.5 Ϯ 1.0%, respectively; P ϭ 0.260). However, the mean value of HTGC in Caucasian women was slightly lower than the other ethnicities after adjustment for %IP (3.0 Ϯ 1.1%, P Ͻ 0.01). Adjusting HTGC for subcutaneous and lower extremity fat failed to account for the difference in HTGC between these ethnic groups. Indeed, adjustment for subcutaneous fat yielded results similar to adjustment for %BF. Likewise, the slope of the relationship between HTGC and lower extremity fat either approached zero (men) or was not significantly different from zero (women).
lower TG levels than the other ethnicities (Fig. 4B) . Adjustment of TG for HOMA IR in these groups yielded similar results (data not shown). These data indicate that lipid metabolism and its relationship to insulin resistance and hepatic steatosis differs substantially in AfricanAmericans.
Discussion
In this study, the relationship between metabolic factors (total/regional adiposity, insulin resistance, hypertriglyceridemia) and HTGC was examined in a large multiethnic population-based sample (n ϭ 2170) containing the three major U.S. ethnic groups: AfricanAmericans, Hispanics, and Caucasians. 2 This is the largest study to date to examine the relationships between HTGC, total adiposity, and body fat distribution, inclusive of the abdominal compartments (intraperitoneal and subcutaneous) in any population. A major finding of this study was that controlling for intraperitoneal fat content almost entirely eliminated ethnic differences in levels of HTGC. This was not the case with insulin resistance, total adiposity, or other fat depots. Despite the lower levels of intraperitoneal adipose tissue and liver fat in African-Americans, their prevalence of insulin resistance was similar to Hispanics, the group with the highest levels of intraperitoneal and liver fat. Furthermore, insulin levels and HOMA IR values were higher and serum TG levels were lower among African-Americans after adjusting for intraperitoneal adiposity and HTGC. Thus, the metabolic response to obesity and insulin resistance differs in African-Americans when compared to either Hispanics or Caucasians: African-Americans appear to be more resistant to both the accretion of TG in the abdominal visceral compartment (adipose tissue and liver) and hypertriglyceridemia associated with insulin resistance.
Controlling for differences in total body fat, abdominal subcutaneous fat, and lower extremity fat failed to account for the observed variability in HTGC between the ethnic groups. Only after adjusting for intraperitoneal fat content were the ethnic differences in HTGC between the groups nearly abolished (Fig. 2B) . Thus, visceral adiposity appears to be more closely linked to HTGC than other parameters of body fat content or distribution. These findings extend previous work in this area [24] [25] [26] by suggesting that the factors responsible for reduced visceral adiposity in African-Americans are causally linked to the reduced propensity for this group to deposit TGs in hepatocytes. Whether visceral fat is causative in the development of hepatic steatosis or is simply a marker of an underlying metabolic derangement that is contributing to excess liver fat could not be determined by this study.
Visceral fat has been postulated to play a role in the development of hepatic steatosis/insulin resistance via the release of free fatty acids and adipokines directly into the portal circulation. Indeed, the surgical removal of visceral fat, but not subcutaneous abdominal fat, improves peripheral and hepatic insulin sensitivity. [27] [28] [29] However, only 5%-20% of the fatty acids entering the portal circulation originate from visceral adipose tissue 30 : the remainder is derived from upper and lower body subcutaneous fat. Furthermore, only ϳ60% of TGs within steatotic livers originate from adipose tissue-derived fatty acids (i.e., lipolysis). 23 Taken together, these data suggest that the contribution of fatty acids derived from visceral fat lipolysis to HTGC is relatively small. Though it appears that visceral fat and hepatic fat are metabolically connected, this connection is unlikely to be mediated via fatty acid delivery and uptake alone. Interestingly, although several studies have indicated a link between visceral/liver fat content and insulin resistance, the relationship between these two variables differs in African-Americans, as compared to Hispanics and Caucasians. Insulin levels and HOMA IR values were significantly higher in African-Americans after adjusting for both intraperitoneal and liver fat. Similar results were found in the Insulin Resistance Atherosclerosis Study, where African-Americans had more insulin resistance than Hispanics or Caucasians after controlling for obesity, body fat distribution, and environmental factors. 31 In addition, several studies comparing African-Americans to Caucasians have failed to account for the differences in insulin resistance between these two groups based on adiposity alone, [32] [33] [34] with one study indicating that a genetic basis for these differences was likely. 35 The multiple phenotypic changes in carbohydrate and lipid metabolism that occur in association with insulin resistance has been referred to as the metabolic syndrome. 36 Hepatic steatosis is also considered by many to be a feature of this syndrome. 9, [24] [25] [26] Our data, as well as the others, 11,37 is consistent with insulin resistance being phenotypically different in African-Americans. AfricanAmericans have less visceral adiposity, lower levels of plasma TG, higher levels of high-density lipoprotein cholesterol, and lower levels of liver TG than either Hispanics or Caucasians with similar levels of insulin resistance. African-Americans also appear to be protected from the accumulation of intramyocellular TG, 13 another feature of insulin resistance. [38] [39] [40] Taken together, these data imply that the term "insulin resistance" equates to a different, but overlapping, set of metabolic derangements in African-Americans.
Heterogeneity in the contribution of liver, muscle, and adipose tissue to the insulin-resistant state may account for the different complexion of the metabolic syndrome in African-Americans. Selective inactivation of the insulin receptor in each of these tissues has dramatically different effects on carbohydrate and lipid metabolism. For example, genetic ablation of the insulin receptor in liver leads to hyperinsulinemia, hyperglycemia, and peripheral insulin resistance without the development of hypertriglyceridemia or hepatic steatosis. 41 Conversely, isolated loss of the insulin receptor in muscle leads to increased visceral fat mass, free fatty acids, and serum triglycerides, all of which are characteristics of the metabolic syndrome; however, hyperinsulinemia and hyperglycemia develop only after insulin resistance is present in additional organs. 42 It is possible that the observed differences in the clinical manifestation of insulin resistance between the ethnic groups may be due to tissue-specific differences in insulin signaling.
The relative "health" of adipose tissue in AfricanAmericans may also be a factor in the observed phenotypic differences in this group. Compared to Hispanics, African-Americans tended to have larger subcutaneous depots of adipose tissue, especially with regard to the lower extremities (Fig. 1) . This was also the case when comparing the genders: as a group, women had more subcutaneous adiposity and less visceral adiposity than men. Work in an animal model (transgenic ob/ob mice overexpressing adiponectin) has demonstrated that the expansion of subcutaneous, but not visceral, adipose tissue ameliorates hepatic steatosis and insulin resistance. 43 Thus, the ability to expand subcutaneous adipose tissue in the setting of excessive caloric intake may prevent the accumulation of fat in the visceral compartment (adipose and liver). This may be an adaptive response to increasing adiposity that has different limits in these ethnic and gender groups. Indeed, women tended to have lower levels of liver TG despite a greater degree of adiposity than men ( Table 2 ). Such differences in the ability to expand the subcutaneous fat depot may explain, in part, the observed differences in HTGC between these groups. Further support for this idea can be found in the significant negative correlation between lower extremity fat and liver fat content in all subjects (Table 3) .
Dietary carbohydrate intake has been postulated to play a role in the development of hepatic steatosis. Indeed, several observational studies support the notion that diets high in carbohydrates relative to the other macronutrients are associated with higher degrees of hepatic steatosis and inflammation. 44, 45 We did not obtain structured dietary information in the current study and therefore, could not examine its association with the ethnic-specific differences observed in hepatic steaotsis. However, previous studies examining such ethnic variation would suggest that environmental factors are not solely responsible for the differences in insulin sensitivity between these groups. 31 In conclusion, HTGC is closely linked to visceral adiposity in African-Americans, Hispanics, and Caucasians. Ethnic differences in the propensity to accumulate visceral fat explains, in part, the observed differences in levels of HTGC and prevalence of hepatic steatosis among these ethnic groups. The relative protection from visceral fat accumulation with increasing adiposity experienced by African-Americans is associated with a similar protection from hepatic steatosis but not insulin resistance. Indeed, many of the derangements in lipid metabolism typically associated with insulin resistance were not present in African-Americans. A possible explanation for these findings is that the insulin-resistant phenotype is: (1) a function of the organ contributing primarily to reduced insulin sensitivity and/or (2) a function of the ability to expand subcutaneous adipose tissue in response to overnutrition. Further study is needed to establish the basis for this insulin resistance paradox.
